It is shown in rat that antiserum a12B/18 specifically labels a new lamellar organelle that is exclusively located in dendritic appendages.
These dendritic lamellar bodies occur in a restricted number of brain regions, which include areas like the inferior olive, area CA1 and CA3 of the hippocampus, dentate gyrus, olfactory bulb, and cerebral cortex. In these regions the neurons with lamellar bodies form dendrodendritic gap junctions. lmmunoreactivity in the inferior olive is first detected between P9 and P15, which coincides with the development of gap junctions in this nucleus. In the adult inferior olive, the density of dendritic lamellar bodies is highest in the rostra1 medial accessory olive, the subnucleus where electrotonic coupling is most prominent.
Antiserum al 28118, thus, specifically detects a new neuronal organelle that may be related to dendrodendritic gap junctions.
[Key words: inferior olive, hippocampus, cerebral cortex, dentate gyrus, o/factory bulb, hypothalamus, electrotonic coupling] Gap junctions are the morphological correlate of electrotonic coupling (Robertson, 1963; Sotelo and Korn, 1978; Sotelo and Triller, 1981 ; for reviews see Peters et al., 1970; Bennett and Goodenough, 1978; Loewenstein, I98 I ) . These electrotonic synapses occur between neurons as well as between glial cells (Massa and Mugnaini, 1982; Mugnaini, 1986) . Areas in the brain where neuronal gap junctions have been found at relatively high densities by standard electron microscopy (EM) are the inferior olive (IO), Rutherford and Gwyn, 1977; Angaut and Sotelo, 1989; De Zeeuw et al., 1989) and the hippocampus (Schmalbtuch and Jahnsen, 1981; Kosaka and Hama, 1985; Matsumoto et al., 1991) . These findings have been confirmed by electrophysiological recordings and/or dye coupling (Llink, 1974; Llinzis et al., 1974; MacVicar and Dudek, 1980 Llinzls and Yarom, 1981; Andrew et al., 1982; Benardo and Foster, 1986; Llinb and Sasaki, 1989; Sasaki et al., 1989) . To date, there has been no description of any neuronal structure, other than the gap junction, that appears to be associated with electrotonically coupled neurons.
More recently, antibodies and mRNA probes have been used to detect the distribution of gap junctions, but these latter markers are unable to indicate, directly or indirectly, specifically the presence of neuronal gap junctions (Nagy et al., 1988; Dermietzel, 1989; Shiosaka et al., 1989; Yamamoto et al., l989a, 1990a.c; Naus et al., 1990; Matsumoto et al., 1991; Micevych and Abelson, 1991) .
In the present study we tested a new polyclonal antiserum (a 12B/18). This antiserum was raised to a bovine serum albumin (BSA)-conjugated peptide corresponding to amino acid sequence 49-61 of the first putative extracellular loop of heart muscle gap junction protein connexin43 (Cx43; Beyer et al., 1987; Fishman et al., 1990; Kumar and Gilula, 1992) . The Western blots made in this study indicated that al2B/18 includes not only antibodies against Cx43, but also against other, possibly related, proteins. It is shown that antiserum al2B/18 provides punctate labeling in a restricted number of brain areas, among which the IO and the hippocampus stand out. These puncta do not correspond to glial or neuronal gap junctions, but to a new neuronal organelle.
To investigate to what extent this organelle and neuronal gap junctions can be associated with one another, all brain areas with substantial immunoreactivity were examined for the presence of gap junctions in the EM. In addition, we compared (I) the occurrence of the organelle with the occurrence of gap junctions during development of the IO (see Bourrat and Sotelo, 1983) and (2) the differences in densities of the organelle among the olivary subnuclei with the differences in levels of electrotonic coupling between these nuclei (see Llin& and Yarom, 1981) .
Materials and Methods
Antiserum al2B/l8 was tested on its specificity with the use of com- Punctate labeling in the hippocampal (A) and dentate gyri (B) of an adult rat with the use of antiserum (x12B/18. In A, a high density of immunoreactive puncta is present in the stratum lacunosum moleculare (SLM) of both area CA1 and CA3 along the ventral HiF (dashed line), while the stratum radiatum (SR) and stratum pyramidale (SP) contain a low density of puncta. In B, the PoDG contains an intermediate density of puncta that are relatively large compared to other areas in the brain. Note the absence of labeling in the SP, stratum granulosum (SG), and stratum moleculare (SW) in the dentate gyms. Sections were cut in the transversal plane. Scale bars: A, 121 pm; B, 36 pm. Figure 3 . Punctate labeling in the Pirlo (A) and Epl of the OB (B) of an adult rat obtained with the use of antiserum a12B118. Note in A that the immunoreactive puncta are mainly present in the first layer of the piriform cortex (Pir) directly starting at the outer part of the lateral olfactory tract (IO). In the OB most of the immunoreactive puncta occur in the Epl along the glomerular layer (GZ). Arrowheads in B indicate border between Epl and Gl. A is taken from a section cut in the transversal plane, B from a section cut in the horizontal plane. Scale bars: A, 53 pm; B, 16 pm.
thetic peptide against which it was generated; (3) an affinity-purified fraction of a12B/18 made with oeotide o12B linked to a matrix: and (4) the unbound fraction of an&&urn a12B/18 obtained during ~the affinity purification. As described below in the Results it was the latter fraction that retained all activity for recognition of the dendritic lamellar bodies.
To find out whether Cx43 was detected by the antibody, the following tests were performed: (1) Western immunoblots were carried out on homogenates of the rat brain regions with a high density of immunoreactive puncta (for technical details see Nagy et al., 1988 Nagy et al., , 1989 ; (2) the immunoreactivity provided by three other antisera against Cx43 (designated as ~15, (~16, and (~18) were compared with the present immunoreactivity; and (3) sections of the rat heart muscle were processed for immunocytochemistry. Peptides ~15, ru16, and a18 correspond respectively to amino acids 188-197, 241-260, and 346-360 of the rat Cx43 sequence (Beyer et al., 1987) . Peptide (~15 corresponds to a sequence located extracellularly between the third and fourth transmembrane segments of Cx43 while peptides a16 and (~18 are located in the cytoplasmically disposed carboxy-terminus of the protein.
Immunohistochemistry. Adult and young (P9-P15) Sprague-Dawley albino rats were anesthetized with sodium pentobarbital (45 mg/kg) and perfused transcardially with 200 ml saline followed by 0.5 (young) or 1 (adult) liter of 0.5% zinc salicylate, 4% freshly depolymerized formaldehyde, and 0.9% NaCl (pH 5.0, room temperature). The brains and hearts were removed 1 hr after perfusion and cryoprotected in saline containing 30% sucrose. In the adult rats, brain sections were cut from the caudal part of the spinal cord up to the olfactory bulb, while in the young animals only the IO was sectioned. Tissue was cut coronally at 20 pm on a freezing microtome. In two cases half of the brain was cut horizontally or sagittally. All sections were collected in 0.25% Triton X in 0.5 M Tris buffer at pH 7.6 (IT), blocked in 5% normal donkey serum in TT, directly incubated in the primary antiserum o12B/18 diluted 1:2000 in 2% normal donkey serum in TT (D'lT) for 48 hr on a shaker at 4"C, thoroughly rinsed in DTI; incubated for 1 hr in goat antirabbit IgG (Sternberger-Meyer) diluted 1:50 in DTT, thoroughly rinsed in DTT incubated in rabbit PAP (Sternberger-Meyer) diluted 1:lOO in DTI for 1 hr, and rinsed as above. Finally, the sections were incubated 4A Figure 4 . Schematic drawings of the distribution of immunoreactive puncta in coronal sections of the rat brain (A-C, from rostra1 to caudal). The black dots represent labeling in the different cortical areas, the ventral and dorsal endopiriform nucleus (VEn, DEn), the basolateral amygdaloid nucleus (BLA) and adjacent amygdala, the periventricular hypothalamic nucleus (Pe), and the area directly lateral of the supraoptic nucleus (SO). Note that the immunoreactivity in the cingulate, frontal, and infralimbic cortical areas (Cg1,3; Fr1,2,3; IL) is most prominent in the deeper layers of the cortex. The high density of labeling in the Pir is present along the entire lo. Abbreviations are given in Table 2 . Drawings are modified from the atlas of the rat brain by Paxinos and Watson (1986) . Distance left to right equals 11.5 mm in A, 14 mm in B, and 14.6 mm in C. Rostrocaudal level in A, 2.7 mm anterior to bregma; B, 0.4 mm posterior to bregma; C, 2.12 mm posterior to bregma. (PoDG, HiF, CAl, CA3) . A, The sparse labeling in the SLM next to the dorsal HiF is continuous with the labeling in the stratum moleculare of the dentate gyms (arrows). Note also the labeling in the nucleus subparafascicularis (PF) of the thalamus. B, The labeling in the SLM is much more prominent along the ventral HiF than along the dorsal HiE Abbreviations are given in Table 2 . Distance left to right equals 15.6 mm in A and 15.4 mm in B. Rostrocaudal level in A, 4.52 mm; B, 5.60 mm posterior to bregma.
for 15-20 min in 0.05% 3,3-diaminobenzidine (DAB) and 0.01% H,O, in 0.05 M Tris buffer, mounted, and coverslipped. The brain and heart sections processed for control with the preimmune serum, purified antibodies, and antisera o-15, cx16, and (~18 were processed in the same way except that the concentration of the primary was adjusted when necessary.
Collection and analysis of the data. The sections of four adult and two young rat brains processed with antiserum a12B118 were quantitatively analyzed with the use of a light microscope equipped with a surface area frame. For each brain area with immunoreactivity we determined the absolute number of puncta per surface area in that plane of focus (with the condenser at a fixed level) that provided the maximum number of puncta. In case of the IO this quantification was done for every subnucleus (for definitions of olivary subdivisions in rat, see Nelson and Mugnaini, 1988) ; the data for these different subnuclei were obtained from the same sections. The densities obtained from several Figure 6 . Schematic drawings of the distribution of immunoreactive puncta in the dorsal raphe nucleus (DR) in A, and the IO and solitary nucleus (Sol) in B. Note that all olivary subdivisions contain a high density of immunoreactive puncta. Abbreviations are given in Table 2 . Distance left to right equals 9.2 mm in A and 7.2 mm in B. Rostrocaudal level in A, 8.0 mm; B, 13 mm posterior to bregma. samples in different sections were averaged for each rat and subsequently averaged among all animals. According to differences in density, the areas were separated into three groups: (1) areas with a density higher than five dots per 1000 pmZ; (2) areas with an intermediate density of 2-5 dots per 1000 pm>; and (3) areas with a density lower than two dots per 1000 p,m*. We calculated the standard errors of the means (SEM) and statistically compared the data of the different brain areas as well as of the different olivary subnuclei by Student's t test (Glantz, 1981) .
Electron microscopy Immunocytochemistry. Four adult Sprague-Dawley albino rats were anesthetized with sodium pentobarbital (45 mgikg) and perfused transcardially with 200 ml Ringer's solution saturated with 95% CO, and 5% 0, to pH 7.1, followed by 1 liter of 4% freshly depolymerized formaldehyde and 0.1% glutaraldehyde in 0.12 M sodium phosphate buffer (pH 7.4, room temperature). The brains were removed 1 hr after perfusion, rinsed in ice-cold Tris-buffered saline (TBS, 290 mOsm, pH 7.5), and cut coronally at 40 pm on a Vibratome. The sections were rinsed in TBS with 0.05% Triton X (TBST) and subsequently blocked, incubated in the primary (the primaries included antiserum (w12B/18 as well as antisera a15, a16, and a18), rinsed, incubated in goat anti-rabbit IgG (Sternberger-Meyer), rinsed, incubated in rabbit PAP (SternbergerMeyer), rinsed, and reacted in DAB and H,O, as described for light microscopy, with the exception that TBST was used as a buffer. Finally, the sections containing areas with immunoreactivity were selected, rinsed in 0.12 M phosphate buffer at pH 7.3 (PB), osmicated in 2% osmium tetroxide in PB, thoroughly rinsed in H,O, stained en bloc in 2% uranyl acetate in H,O overnight, dehydrated in alcohol and propylene oxide, and flat embedded in Araldite. Pyramids were made of all the areas with a high or intermediate density of immunoreactivity. Ultrathin sections were cut on an LKB ultratome from the most superficial portions of these selected tissue blocks, collected on single-hole, Formvar-coated grids, counterstained with lead citrate, and examined on a Zeiss EM-10 electron microscope operating at 80 kV.
Standard EM. Two adult Sprague-Dawley albino rats, two adult Dutch belted rabbits, and two adult cats were used for standard EM to study, under optimal conditions, the cellular structures corresponding to the puncta. In the rats, we examined all the areas with a high or intermediate density of immunoreactivity uncovered in the material processed for immunocytochemistry, while in the rabbits and cats we studied only the IO. All animals were anesthetized with sodium pentobarbital (45 mg/kg) and perfused transcardially with 200400 ml of a Ringer's solution saturated with 95% CO, and 5% 0, to pH 7.1, followed by 1 (rat)-2 (rabbits and cats) liters of 2% freshly depolymerized formaldehyde and 1.5% glutaraldehyde in 0.12 M sodium phosphate buffer (pH 7.4, room temperature). The brains were removed 1 hr after perfusion, rinsed in ice-cold TBS, and cut coronally at 200 pm on a Vibratome. The slices were rinsed in PB, osmicated in 2% osmium tetroxide in PB, or in ferrocyanide (1.5%)~reduced osmium tetroxide (1%) according to Karnovsky (1971) , rinsed in H,O, and stained en bloc in 2% uranyl acetate in H,O overnight. Subsequently, the sections were rinsed in H,O, dehydrated in alcohol and propylene oxide, and embedded in Araldite. Guided by observations in the semithin sections stained with toluidine blue, we made pyramids of the areas of interest. Ultrathin sections were cut, collected, counterstained with uranyl acetate and lead citrate, and examined in the EM.
Results
Light microscopy Distribution of immunoreactivity. Brain sections from adult rats immunostained with antiserum (-w12B/18 presented punctate labeling in the neuropil of a restricted number of areas. The diameter of the puncta varied from approximately 0.2 p,m to 1.2 pm. No labeled fibers or neurons were observed. The immunoreactive puncta occurred at varying densities in different regions: (1) at high densities (>5 dots per 1000 p,mZ) in the IO, the stratum lacunosum moleculare (SLM) of area CA1 and CA3 along the ventral hippocampal fissure (HiF), and in the first layer of the piriform cortex along the entire lateral olfactory tract (Pirlo) (Figs. l-6); (2) at intermediate densities (2-5 dots per 1000 pm*) in the polymorph layer of the dentate gyrus of the hippocampus (PoDG), and the external plexiform layer of the olfactory bulb (EplOB), (Figs. 2B, 3B); and (3) at low densities (<2 dots per 1000 p,m*) in the deep layers of the cerebral (especially the frontal, cingulate, agranular insular, and lateral orbital) cortex, stratum pyramidale, and stratum radiatum along the ventral HiF (area CA1 and CA3), peri-and paraventricular hypothalamus (Pe), ventrolateral part of the supraoptic nucleus (SO), basolateral amygdaloid nucleus (BLA) and the surrounding amygdala (Amyg), accumbens nucleus (Acb), nucleus subparafascicularis of the thalamus (PF) and the adjacent area around the fasciculus retroflexus, ventral and dorsal endopiriform nucleus (VEn, DEn), dorsal raphe nucleus (DR), and solitary nucleus (Sol), (Figs. 2A, (4) (5) (6) . Counts of the puncta in the brain areas with high and intermediate labeling densities are represented in a histogram in Figure 7A . The concentrations of puncta in the areas with a high density were significantly higher (JJ < 0.02) than those in the areas with an intermediate or low density. In addition, immunoreactive puncta were observed in the ependyma. These ependymal dots were somewhat more irregularly shaped than those in the neuropil. In the IO the immunoreactive puncta were ubiquitously distributed in all its subnuclei. The rostra1 medial accessory olive (rMA0; 18.6 dots per 1000 p.m2) had the highest, and the dorsal cap (DC; 6.8 dots per 1000 pm*) the lowest density. The density of immunoreactive puncta in the rMA0 was significantly higher (JJ < 0.05) than in the DC, ventrolateral outgrowth (VLO), subnuclei a, b, and c of the caudal MAO, the dorsal medial cell column (DMCC), and the dorsal fold of the dorsal accessory olive (DfDAO; for exact densities of all olivary subnuclei, see Fig. 7B ). Within the IO, differences in sizes of the puncta were approximately proportional to the densities of puncta in the subnuclei; for example, the dots in the rMA0 were rather large (Fig.  1B) and in the DC relatively small (see also electron micrographs in bottom portion of Figs. lOB, 11) . In other areas in the brain, however, this correlation did not hold true; for example, the puncta in the PoDG were large, whereas the puncta in the HiF were more variable and on average smaller (for light micrographs see Fig. 2 , for electron micrographs see Figs. 9B,C, 12C, 13).
At P9 the rat IO showed little immunoreactivity, whereas at Pl5 labeled puncta were clearly present (Fig. 1C) . The density at PI5 was 5.9 dots per 1000 pm*.
Antibody speci$city. The brain sections processed with the preimmune serum did not show any immunoreactivity. However, antiserum OL 12B/l8 preabsorbed with the synthetic peptide cx 12B and/or its carrier BSA provided the same immunoreactivity on the sections as the nonpreabsorbed antiserum. Therefore, we undertook affinity purification of the antibody of antiserum orl2B/ 18 that recognizes peptide al2B. The affinity-purified antibody of antiserum ol2B/l8 did not provide the immunoreactive puncta revealed by the crude serum al2B/l8, whereas the unbound fraction of the purified solution did immunolabel the same puncta. In the ELISA of the fractions that bound and eluted versus those that comprised the void volume, the purified antibody at dilutions higher than 1:800 showed an absorbance value that was more than 15 times the absorbance value of the void, suggesting relatively complete absorption of the anti-peptide al2B activity. The Western immunoblots of homogenates of the IO, HiF and Pirlo made with antiserum unbound to the peptide al2B affinity column showed a triplet of dominant bands at 110-140 kDa (Fig. 8A) ; in the blot of the IO the 140 kDa band dominated, whereas in the blots of the HiF and the Pirlo the other two bands were most prominent. All three bands were absent in the blots of the residual brain. In contrast, all Western immunoblots made with the use of the affinity-purified antibody of antiserum al2B/ 18 showed a positively labeled 43 kDa band (Fig. 8B) . Blots made with the use of the preimmune serum were essentially negative. Hence, during the course of immunization, antibodies arose whose specificity for dendritic lamellar bodies correlated the development of binding to three positive bands in the 1 lo-140 kDa range.
Antibodies (al5, (~16, and o18) to other peptides corresponding to regions of Cx43 did not provide the typical immunoreactive puncta revealed by antiserum ol2B/l8. The sections of the heart muscle of the rat, which were processed for immunocytochemistry simultaneously with the brain sections, showed characteristic gap junction labeling with antibodies to peptides a16 and al 8, which are cytoplasmic determinants expected to be accessible to antibodies (see also Yancey et al., 1989) . However, the heart sections processed with the antisera to peptides al2B and ~15, that is, sequences of, respectively, the first and second extracellular loop of Cx43, did not show any immunoreactivity.
Electron microscopy Ultrastructural analysis of the immunoreactive puncta revealed by antiserum a12B/l8 in the areas with a high or intermediate density of labeling (i.e., IO, SLM along the ventral HiF Pirlo, The three arrowheads indicate the location of the three prominently immunostained proteins with molecular weights estimated from 110 to 140 kDa (bottom to top). Note the lack of immunostaining in lane 4, presumably as a result of enrichment for the corresponding protein(s) in the dissected fractions. B, Immunostaining was observed to a doublet of 41-43 kDa bands which represent its unphosphorylated and phosphorylated bands, respectively (Musil et al., 1990) . It should be noted that the predominance of the unphosphorylated form of Cx43 in lane 4 is likely to be due to post-mortem dephosphorylation of Cx43 (Hossain et al., 1994) .
PoDG, and EplOB) showed that a new cellular organelle was labeled, which was exclusively located in bulbous dendritic appendages (Figs. 9, lOA) . In all the examined brain areas, no other cellular structures like glial or neuronal gap junctions, ER, or spine apparatuses were labeled. The organelle consisted of a group of cisternae formed by lamellae made of smooth membranes (Figs. lOB, 1 l-13 ), and will be referred to as "dendritic lamellar body" (DLB). In between the cisternae some electrondense material was present. The immunoprecipitate was situated in both the membranes of the lamellae and the electron-dense material, but was absent in the lumen of the cisternae (Fig. 10) . The lamellae were up to 0.95 pm long and had a thickness varying from 30 to 60 nm that was consistent along the entire length. The number of lamellae in individual organelles varied from 1 to 13. The number of lamellae depended on the brain area, and coincided with the differences in diameters of the immunoreactive puncta in the light microscope (e.g., for PoDG, compare size of the puncta in Fig. 2B with number of lamellae in Figs. 12C, 13B ). Even when their number was high, the lamellae were closely grouped together with a regular interlamellar space of approximately 20 nm. The lamellae were often curved and frequently surrounded partially or entirely a mitochondrion (Figs. 9, 13B ). The lamellar cisternae were occasionally continuous with tubules of smooth ER (Fig. 12A) ; ribosomes were not associated with the lamellar body. DLBs were not surrounded by a common membrane, but sometimes one cisterna on the side of the DLB gave rise to multiple cisternae that formed the bulk of the organelle (Fig. 13A) . The bulbous dendritic appendages with DLBs usually contained mitochondria and lacked microtubules and neurofilaments (Figs. IO& 1 l-l 3), and they were sometimes found to originate from the parent dendritic stems by rather thin and long stalks (Fig. 12A,C) . Mostly they were surrounded by astrocytic processes, but infrequently axon terminals established symmetric or asymmetric synapses with these appendages (Figs. 1 lB, 13A) . Neither in the material processed for immuno-EM nor in the standard EM material were bodies resembling DLBs observed in cell bodies or neuronal structures other than dendrites. In rat, we never found more than one DLB in a single bulbous appendage.
In the neuropil of all the subnuclei of the IO, as well as in the Pirlo, PoDG, and EplOB, dendrodendritic gap junctions were observed. These gap junctions predominantly linked spiny appendages that were smaller than the bulbous appendages with the DLBs. In nonserial sections of the IO the ratio of the number of dendrodendritic gap junctions to the number of DLBs was close to 1 (0.93; n DLBs = 107). A DLB was never seen in close proximity to a dendrodendritic gap junction in the same electron micrograph. However, serial section analysis of olivary dendrites showed that the spiny appendages connected with the bulbous appendage containing a DLB could form gap junctions; the shortest distance measured between a DLB and a gap junction was approximately 5 pm (see Fig. 14) . The same serial section analysis also demonstrated that DLBs occur only in a minority of the bulbous appendages. In the SLM along the ventral HiF we observed many specialized dendritic appositions at which the membranes approached much closer to each other than the normal 20 nm, but we did not find the heptalaminar membranous organization characteristic of neuronal gap junctions.
DLBs were also present in standard EM material of the IO of the rabbit and the cat (Fig. 11) . In these animals DLBs had the same morphological features and were also exclusively located I ,_, in dendritic appendages. In cat, we observed one dendritic appendage that contained two DLBs. Neither in the rat nor in the rabbit and the cat did we observe two apposed dendritic elements that both contained a DLB. Antisera 0115, a16, and 1~18 did not label the dendritic lamellar bodies labeled by antiserum o12B/18.
Discussion
In the present study, we describe a new organelle, named the dendritic lamellar body (DLB), which can be specifically labeled utilizing a new antiserum. Below, we will discuss the specificity of the antiserum as well as the morphological characteristics of the organelle and its relation with neuronal gap junctions.
Antibody specijcity Antiserum (Y 12B/18 provided a specific immunoreactivity since all immunoreactive puncta in the examined brain areas corresponded to DLBs. However, it is not clear what peptide is labeled in the DLBs by (w12B/18. First, (-u12B/18 preabsorbed with peptide o112B provided the same immunoreactivity as the nonpreabsorbed antiserum. Second, the affinity-purified antibody of (w12B/18 prepared with al 2B linked to the matrix did not provide the immunoreactive puncta, whereas the unbound fraction of the purified solution did. These data suggest that peptide a12B is not present in the DLBs.
On the other hand, the ELISA showed a strong binding between antiserum a12B/18 and peptide (u12B, and the Western immunoblots of brain homogenates made with the affinity-purified antibody provided a positively labeled 43 kDa band, indicating that antiserum cx 12B/l8 can detect peptide o112B. Since peptide a12B is part of Cx43 (Beyer et al., 1987; Fishman et al., 1990; Kumar and Gilula, 1992) and since most antisera against other parts of Cx43 label gap junctions between glia, ependymal, pial, and/or arachnoid cells (Beyer et al., 1987; Nagy et al., 1989; Yancey et al., 1989; Yamamoto et al., 1990a; Dermietzel et al., 1991) , the above findings raise the question of why there was no labeling of gap junctions in the brain or heart with the use of a12B/18. This absence of labeling may be due to the fact that peptide o12B cannot be detected if Cx43 is incorporated in the intact gap junction channel. Peptide crl2B is part of the first of the two extracellular loops of Cx43 (Kumar and Gilula, 1992) that are intramolecularly, noncovalently linked to one another by disulfide bonds (John and Revel, 1991) . Similarly, the antiserum raised against peptide a15, which is part of the second extracellular loop, did not provide any gap junction labeling either. Moreover, the extracellular loops of connexins of apposing cells are connected together to form a functional gap junction channel (Kumar and Gilula, 1992) . Since peptide a12B is positioned in the middle of the extracellular loop, it is probably also involved in this intermolecular linkage.
The finding that antiserum (w12B/18 may not label Cx43 in the intact gap junction channel due to steric hindrance does not t The Journal of Newxchce.
February 1995. f5 (2) 1597 mean that Cx43 is present in the DLBs. The fact that antisera 1~16 and (~18, which are raised against cytoplasmic parts of Cx43, did not label the DLBs either suggests that Cx43 is absent in DLBs. Because the sections processed with preimmune serum did not show any immunoreactivity, it is possible that antiserum a12B/ 18 cross-reacts with a peptide similar to a12B, which is known to be highly preserved among different connexin families (Kumar and Gilula, 1992) . We cannot exclude that the 1 lo-140 kDa bands in the Western immunoblot correspond to a presently unknown connexin family. In this respect, it should be noted that gap junction hemichannels can probably be constructed from different types of connexin subunits (Hoh et al., 1993; Evans, 1994) .
Comparison with other connexin markers Most of the brain areas that showed immunoreactive puncta with a12B/18 were also labeled in studies in which antibodies against parts of Cx27 and Cx32, or against other parts of Cx43, were applied (Nagy et al., 1988; Shiosaka et al., 1989; Yamamoto et al., 1989a Yamamoto et al., , 1990a . In addition, the distribution of immunoreactivity with (~12B/18 largely coincides with the distribution of Cx43 mRNA and Cx32 mRNA (Naus et al., 1990; Matsumoto et al., 1991; Micevych and Abelson, 1991) . However, a12B/18 differs from other markers in that it provides labeling in a more restricted number of brain areas. Moreover, a12B/18 is the only "gap junction-related" marker, at present, that labels neuronal, but no glial, profiles. Therefore, by demonstrating DLBs, al2B/ 18 may indicate more specifically than other markers the distribution of neuronal gap junctions in the brain.
Morphological characteristics
Ultrastructural analysis of the IO, HiE Pirlo, PoDG, and EplOB showed that the DLB consists of a varying number of regularly interspaced lamellae situated in the cytoplasm of bulbous dendritic appendages.
The DLB resembles somewhat the spine apparatus (Gray, 1959; Gray and Guillery, 1963; Peters et al., 1970) . Spine apparatuses are composed of arrays of flattened cisternae separated by plaques of dense material. They have been observed in dendritic spines in neurons of the hippocampus (Hamlyn, 1962; Westrum and Blackstad, 1962; Blackstad, 1967) , cerebral cortex (Peters et al., 1970) , and IO Rutherford and Gwyn, 1980) . Several findings indicate that the DLB is different from a spine apparatus: (1) we have observed labeled DLBs and nonlabeled spine apparatuses in the same ultrathin sections of immunoreacted tissue of the hippocampus; (2) the DLBs usually contained more lamellae than the spine apparatuses; and (3) the vast majority of the DLBs were located in dendritic appendages larger than spines.
DLBs may be related to the Golgi apparatus or smooth ER because the cisternae of the DLB and ER were occasionally Figure 9 . Electron micrographs of DLBs in the PO of the IO (A), in the SLM along the ventral HiF (B) and PoDG (C) with the use of antibody a12B/18. In A, the DLB in the upper leji consists of two tangentially cut lamellas, while the DLB at the bottom consists of four lamellas that are sectioned perpendicularly to this plane. Note that one of the DLBs in A as well as the DLBs in B and C curve around a mitochondrion. Scale bars: A, 0.49 pm; B, 0.26 pm; C, 0.27 pm. Figure IO . A labeled DLB in the rat Pirlo (A) and a nonlabeled DLB in the rMA0 of the rat IO (B) taken at the same magnification. Note that the immunoreaction product in A corresponds to the membranes of the lamellae that form the cisternae as well as to the electron-dense material between the cisternae; the lumen of the cisternae, on the other hand, contains hardly any immunoprecipitate. In B (taken from standard EM material), an axon terminal establishes a synapse with a dendritic appendage that contains a DLB (bottom right). Scale bars: A and B, 0.29 pm. continuous with one another. The ER has also been found to be continuous with other structures like the nuclear envelope (Watson, 1955; Peters et al., 1970) , subsurface cisterns of C-type terminals on motoneuronal perikarya (Yamamoto et al., 1989b (Yamamoto et al., , 1990b (Yamamoto et al., , 1991 , and the laminated body (Morales et al., 1964) . The laminated body has been observed in the lateral geniculate nucleus (Morales et al., 1964; Peters and Palay, 1966) , striate cortex (Kruger and Maxwell, 1969) , and cerebellar cortex (Morales and Duncan, 1966; Mugnaini, 1972) . These structures cannot be confused with the DLBs since they consist of tubules embedded in a dense matrix, they are up to 5 Frn in diameter, and they occur only in perikarya.
In all examined brain areas, the DLBs were located in thick bulbous appendages. These appendages, which originated from dendritic stems and received synaptic inputs, can be considered as specialized portions of the dendritic arbors. From what type of neurons these dendrites with DLBs originate was not determined in the present study. In the IO, they are probably projection neurons that provide climbing fibers to the cerebellum (Szentkgothai and Rajkovits, 1959; Eccles et al., 1966; Desclin, 1974) , because these neurons have thick dendritic appendages (Ruigrok et al., 1990; De Zeeuw et al., 1990a) and because olivary interneurons are scarce (Fredette et al., 1992) . In the Pirlo and in the SLM along the ventral HiF, the dendrites with appendages containing DLBs probably originate from pyramidal cells, because the dendritic plexi formed by ramifications of apical dendrites of these cells are located in these areas, and because these regions contain few dendrites from other neurons (Ram6n y Cajal, 1909 Cajal, , 1911 Valverde, 1965; Blackstad, 1967; Somogyi et al., 1984; Wouterlood et al., 1985) . Finally, in the PoDG and EplOB the most likely, although not the only, candidate to give rise to dendritic appendages with DLBs is the granular cell (see also Ram6n y Cajal, 1909 , 1911 Landis et al., 1974; MacVicar and Dudek, 1982; Shepherd, 1990) .
Correlation lamellar bodies and neuronal gap junctions In the mammalian brain, there are few areas where electrotonic coupling and/or neuronal gap junctions have been firmly demonstrated (for summary see Table 1 ). Coupling by gap junctions is probably more conspicuous in the IO than any other area (for cats, see Sotelo et al., 1974; LlinBs et al., 1974; De Zeeuw et al., 1989 primates, Rutherford and Gwyn, 1977; rats, Gwyn et al., 1977; Angaut and Sotelo, 1989; Lang et al., 1989 Lang et al., , 1990 Llin& and Sasaki, 1989; De Zeeuw et al., 1990b; opossum, King, 1980; guinea pigs, Llin& and Yarom, 1981; Benardo and Foster, 1986; rabbits, De Zeeuw et al., 1993; Wylie et al., 1993) . The present observation that an antiserum "raised against a gap junction protein" provided a high density of immunoreactive puncta in all subnuclei of the IO suggests that the DLBs may be related to neuronal gap junctions. t Figure 14 . Drawing of a serial reconstruction of a portion of a dendrite containing a DLB in the IO of the rat (EM data published elsewhere). The bulbous appendage with the DLB does not contain a gap junction while the dendritic spine originating from that dendrite does. Note also that the appendage with the DLB does not contain any microtubules or neurofilaments, whereas the dendrite that gives rise to this appendage does contain these neuronal elements.
This possible correlation is supported by several other findings. First, the developmental study of young rats showed that antiserum or12B/18 provides the first immunoreactivity between P9 and P15. This period coincides with the appearance of neuronal gap junctions in the IO (Bourrat and Sotelo, 1983) . Second, the density of immunoreactive puncta is highest in the rMA0. Llin& and Yarom (198 1) demonstrated by simultaneous impalement of neuron pairs in the IO that electrotonic coupling is more prominent in this subdivision than in other olivary subnuclei. The correlation is further strengthened by the fact that coupling and/or neuronal gap junctions are present in regions In B, the DLB is located at the border of the lo and the first layer of the Pir. Note that the appendages in A and C originate from dendritic stalks (large arrowheads).
Scale bars: A, 0.65 brn; B, 0.60 pm; C, 0.68 Wm. Figure   13 . Large horseshoe-shaped DLBs in the SLM along the ventral HiF (A) and PoDG (B) of the rat. In A, the center of the organelle (arrowhead) is empty and the beginning of the different lamellae is formed by a common cistema (arrow), whereas in B the center is filled by a mitochondrion (arrowhead) and there is no common cisterna (arrow).
Open arrow indicates an asymmetric synapse. Scale bars: A, 0.36 pm; B, 0.27 pm. containing DLBs. These regions include the Pirio and the PoDG (MacVicar and Dudek, 1982 ; present study), EPL of the OB (Landis et al., 1974) , pyramidal cell layer and stratum radiatum of area CA1 and CA3 (MacVicar and Dudek, 1980, 198 1; Church and Baimbridge, 1991; Matsumoto et al., 1991) , layer IV and V of the cerebral cortex (Sloper, 1972; Smith and Moskovitz, 1979; Peters, 1980; Connors et al., 1983) , and Pe and SO of the hypothalamus (Andrew et al., 1981; Cobbett et al., 1985) . In the SLM of area CA1 and CA3 along the ventral HiF we were unable to detect gap junctions despite the fact that this area contains a high density of DLBs. However, these appendages are probably derived from apical dendrites of pyramidal cells which are electrotonically coupled in the stratum pyramidale and stratum radiatum Dudek, 1980, 1981) .
Neuronal gap junctions have also been observed in areas of the mammalian nervous system which do not contain DLBs (see Table 1 ). These areas include the lateral vestibular nucleus (LVe; Sotelo and Palay, 1970) , mesencephalic trigeminal nucleus (Me5; Hinrichsen and Larramendi, 1968, 1970; Baker and Llin&s, 197 l) , internal granular layer (Igl) of the OB (Reyher et al., 1991) , molecular layer of the cerebellar cortex (Sotelo and Llinas, 1972) , dorsolateral nucleus of the spinal cord (Matsumoto et al., 1989) , spinal nucleus of the bulbocavernosus (Matsumoto et al., 1988) , ventral cochlear nucleus (VC; Sotelo et al., 1976) , and dorsal cochlear nucleus (DC; Wouterlood et al., 1984) . The predominant types of neuronal gap junctions in these areas are axosomatic (LVe), somatosomatic (Me5, VC, and IglOB), and dendrosomatic (cerebellar cortex, SNB, DLN, and DC). In contrast, the gap junctions that are present in the areas where DLBs occur are predominantly dendrodendritic. Thus, in line with the finding that the DLBs were exclusively located in dendritic appendages, it seems likely that DLBs can be associated only with dendrodendritic gap junctions.
The ratio of the number of dendrodendritic gap junctions to the number of DLBs in the IO was close to 1. However, since the interneuronal space of a gap junction (2 nm) is much smaller than the thickness of an ultrathin section (50 nm), the characteristic heptalaminar structure of a gap junction will be evident only if the ultrathin section is cut perfectly perpendicular to the gap junction plaque. Therefore, the number of gap junctions observed in the electron microscope must be a substantial underestimation of the actual number, and the number of DLBs in the IO must be substantially less than the actual number of gap junctions. This putative difference corresponds well with the difference in the number of bulbous and spiny appendages of the olivary dendrites. Reexamination of olivary neurons intracellularly injected with horseradish peroxidase (De Zeeuw et al., 1990a; Ruigrok et al., 1990) indicated that individual olivary dendrites contain approximately lo-40 bulbous appendages, 5-10 of which may include a DLB. The same individual dendrites also give rise to many more spiny appendages (often more than 100); these appendages are smaller than the bulbous ones and they are the appendages that form the bulk of the gap junctions in the IO De Zeeuw et al., 1989) . Thus, if, as hypothesized, the DLBs are somehow involved in the synthesis of gap junctions, then an individual DLB in a bulbous appendage probably serves many gap junctions located distally in the smaller spiny appendages (see also Fig. 14) .
One can only speculate on the function of the lamellar body at this point. It seems quite possible, for example, that the organelle is involved in the subunit assembly, which results in the formation of the gap junction hemichannel or connexon. Musil and Goodenough (1993) demonstrated in cultured cells that Cx43 subunits oligomerize into these hemichannels in the trans Golgi network (see also Evans, 1994) . This process appears unique among integral plasma membrane proteins and may require a special Golgi-like organelle when it occurs in the distal dendrites remote from the cell body, especially since gap junctions have a fast turnover of only a few hours Laird et al., 1991) . In summary, (1) The DLBs exist in all brain areas where dendrodendritic gap junctions are prominent; (2) the DLBs in the IO appear in the same developmental period as the dendrodendritic gap junctions; (3) the DLBs in the IO are most numerous in the subnucleus where electrotonic coupling is most prominent; and (4) the DLBs are exclusively located in dendritic appendages. Based on these observations, we propose that the DLBs are associated with regions or neurons expressing dendrodendritic gap junctions and that they may be involved in their synthesis.
